Purpose The purpose of this study is to investigate the prognostic value of lymph node (LN) ratio (LNR) in patients with breast cancer after neoadjuvant chemotherapy.
Introduction
Neoadjuvant chemotherapy (NCT) is a treatment option for patients with operable breast cancer, who are candidates for adjuvant chemotherapy. The equivalency of NCT and adjuvant chemotherapy with regard to disease-free survival and overall survival (OS) was demonstrated in large randomized trials [1] [2] [3] . NCT has a number of advantages compared to adjuvant chemotherapy, including downsizing the tumor to increase the likelihood of breast conservation, providing in vivo chemosensitivity to oncologists, and enabling rapid assessment of the efficacy of new therapeutic agents. Importantly, the pathologic complete response (pCR) after NCT has a strong association with improved survival in patients with aggressive breast cancer subtypes [4] .
The best established predictor of survival is the absolute number of involved lymph nodes (LNs) in the axilla following NCT, which is in accordance with the ypN stage of the American Joint Committee on Cancer (AJCC) staging system [2, [5] [6] [7] [8] . However, based on previous observations, NCT may change the histological environment of the axillary area and reduce the number of retrieved axillary LNs [9, 10] . As a result, the ypN stage can be underestimated, thereby resulting in inadequate treatment. Many studies with adjuvant chemotherapy suggested that the lymph node ratio (LNR), the ratio of the number of involved LNs to the total number of resected LNs, may be a superior prognostic factor than the pN stage [11] [12] [13] [14] [15] . Ahn et al. [14] concluded that LNR may be superior to the pN stage as a prognostic factor and can be used in identification of patient subgroups that may benefit from adjuvant radiotherapy. Dings et al. [15] reported that LNR can differentiate populations with poor prognosis within the same pN stage. In a recent meta-analysis, Liu et al. [16] reported that LNR was a prognostic predictor for breast cancer. After analysis of the studies that used 0.2 and 0.65 as the cut-off, the authors confirmed that there was a dose-response relationship between LNR and OS, diseasefree survival, breast cancer specific survival, and mortality. However, there are limited data and conflicting results with regard to the prognostic significance of LNR after NCT [17, 18] .
In this study, we investigated the prognostic value of LNR in patients treated with NCT and compared LNR with the traditional ypN stage of the AJCC in predicting disease recurrence.
Materials and Methods

Study population
This study included 814 consecutive patients from 13 academic hospitals of the Korean Cancer Study Group. They were pathologically diagnosed with stage II/III breast cancer and received treatment with four cycles of doxorubicin/ cyclophosphamide (AC), followed by four cycles of docetaxel (DOC) as NCT within a study period from June 2009 to December 2012. Among the 814 patients, 799 had undergone surgery and were analyzed. Clinical data were obtained from the electronic medical records of each hospital. The data included demographics, past medical history, pathologic information, radiologic findings, NCT, adjuvant treatment, recurrence, and survival. Male breast cancer, inflammatory breast cancer, recurrent or metastatic breast cancer, any treatment before NCT, and other coexisting malignancies were excluded. This study was approved by the Institutional Review Board at Seoul National University Bundang Hospital (Seongnam, Korea) and participating institutions.
Treatment and tumor assessment
All patients were treated with four cycles of AC (doxorubicin 60 mg/m 2 on day 1 and cyclophosphamide 600 mg/m 2 on day 1 every 21 days) followed by four cycles of DOC (75 mg/m 2 on day 1 every 21 days). In patients with overexpression or amplification of human epidermal growth factor receptor 2 (HER2), trastuzumab was incorporated into the adjuvant treatment and administered for 1 year after surgery. The clinical response to NCT was evaluated every four cycles, using ultrasound or magnetic resonance imaging in accordance with the Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1.
Pathological assessment was performed with core biopsy samples or surgical specimens of primary tumors by a pathologist at each institution. Immunohistochemistry (IHC) was performed for the estrogen receptor, progesterone receptor, and HER2. In patients with HER2 IHC score of 2+, HER2 amplification status was confirmed by fluorescent in situ hybridization or silver in situ hybridization. pCR was defined as ypT0N0 (absence of invasive cancer and in situ cancer in the breast and axillary nodes) or ypT0/isN0 (absence of invasive cancer in the breast and axillary nodes). From the pathological report of the surgical specimen, LNR was calculated as the ratio of the number of involved LNs to the number of total retrieved LNs. LNR was categorized according to three groups based on previous findings: low (LNR, 0 to 0.20), intermediate (0.21 to 0.65), and high (0.66 to 1.00) [12] [13] [14] .
Statistical analysis
Data were described as frequencies (%), or means and medians (range). An independent two-sample t test was used for analysis of continuous variables, and chi-square test for categorical variables. The primary end point was relapse-free survival (RFS), calculated from the start of NCT to recurrence of breast cancer. Patients who were relapse free at the last contact were censored at the last follow-up date. The secondary end points were the rate of distant recurrence and OS. OS was determined from the initial NCT to death from any cause. The Kaplan-Meier method was used for estimation of survival outcomes and the log-rank test was used for determination of differences between the groups. Cox proportional hazard regression analysis was used for estimation of hazard ratios and 95% confidence intervals (CIs). Variables with statistical significance (p < 0.05) in univariate analysis were included as covariates in multivariate analysis. A value of p < 0.05 was considered to indicate statistical significance, and all resulting p-values were two sided. All statistical procedures were performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL).
Results
Patient characteristics
A total of 799 patients were included in our study ( Table 1 
Survival and relapse according to axillary LN status
RFS and OS were evaluated with a median follow-up period of 31.0 months. With the LNR classification, the 3-year RFS rates were 84.8%, 66.2%, and 54.3% in low, intermediate, and high groups, respectively (p < 0.001) (Fig. 1A) . The estimated 3-year OS rates were 92.7%, 87.1%, and 79.3% in the (Fig. 1B) . Using the ypN-stage classification, the 3-year RFS rates were 88.1%, 80.8%, 61.8%, and 48.1% in ypN0, ypN1, ypN2, and ypN3 stages, respectively (p < 0.001). Probabilities of 3-year OS were 94.6%, 91.5%, 87.3%, and 69.6% in ypN0, ypN1, ypN2, and ypN3 stage, respectively (p < 0.001).
To examine the pattern of relapse in accordance with LNR status, disease recurrence was classified as locoregional, distant only, and locoregional with distant relapse (Supplementary Table 2 ). The increase of LNR showed significant association with the distant failure rate (9.5% in low group vs. 18.2% in intermediate group vs. 27.3% in high group, chi-square p < 0.001).
Survival analysis
Among the variables analyzed in the univariate Cox model, pCR status, histologic grade, subtype by IHC, ypT stage, ypN stage, lymphovascular invasion (LVI), and LNR classification showed significant association with RFS in all patients. The LNR classification was not an independent predictor for RFS in the multivariate model adjusted for age, pCR status, histologic grade, subtype by IHC, ypT stage, ypN stage, and LVI (p=0.954) ( Table 3) . To exclude the possibility of any confounding effect, we constructed two multivariate models with either ypN stage or LNR classification. Both ypN stage and LNR classification were independent predictors for RFS in each model. By calculating the log likelihood chi-squares of each model, we were able to compare the fit of each model (higher value indicates a more predictive model). However, the values of log likelihood chi-squares of both models were similar (Supplementary Table 3 ).
Prognostic value of LNR according to subtype by IHC
In HR+/HER2-patients, a statistically significant difference in RFS was observed in accordance with LNR status during the follow-up period (LNR-low vs. LNR-intermediate, p=0.045; LNR-low vs. LNR-high, p=0.001; LNR-intermediate vs. LNR-high, p=0.027) (Fig. 2) . In HER2+ and TNBC patients, LNR-low showed association with better RFS than LNR-intermediate or LNR-high (LNR-low vs. LNR-intermediate, p < 0.001 in HER2+ and p < 0.001 in TNBC; LNR-low vs. LNR-high, p=0.001 in HER2+ and p < 0.001 in TNBC; logrank test) (Fig. 2) . However, no significant difference in RFS (Fig. 2) . The LNR classification was not an independent predictor for RFS in the multivariate model in each subtype (Supplementary Table 4 ).
Discussion
In this study, we demonstrated that the axillary LN status, either ypN stage or LNR, is of prognostic value in breast cancer patients treated with NCT. Patients with higher LNR had poorer RFS and OS. In comparison of the value of log likelihood chi-squares between two models, the prognostic power of LNR after NCT, using the cut-off points of 0.20 and 0.65, appears to be similar to that of the current ypN stage in our patient cohort. To the best of our knowledge, this study is the largest study to date addressing the prognostic value of LNR in patients uniformly treated with eight courses of sequential anthracycline-taxane-based NCT. It should be noted that the number of retrieved and examined LNs is influenced by NCT [9, 10] . In our study, most patients (92.8%) completed the preplanned eight cycles of NCT, while only three cycles of NCT were utilized in previous studies [17, 18] . In the most recent study, Chen et al. [19] reported a better prognostic value of LNR than ypN stage in patients treated with median three cycles of NCT. The pCR rate of 16.1% in our study is higher than that of other studies (range, 6.8% to 10.7%) reporting that the LNR system is superior to ypN stage [17, 19] . The longer duration with more effective NCT in the current study may result in a lower number of involved LNs than that of the two previous studies (Supplementary Table 5 ). The reason for the consistent results with regard to the prognostic significance of LNR in an adjuvant setting compared to the conflicting results in a neoadjuvant setting may be derived in part from less involvement of LNs in studies with NCT. We suppose that there might be an inverse correlation between the efficacy of NCT and prognostic impact of LNR.
We observed a low pCR rate (9.1%) and good separation of RFS curves with the LNR system in HR+/HER2-patients. Conversely, a high pCR rate (21.4% in HER2+ and 23.1% in TNBC) and overlapping RFS curves were observed in HER2 and TNBC patients. These findings are in line with those of recent studies reporting a strong dependence on the intrinsic subtype for a relationship between pCR rate and survival [4, 20, 21] . In addition, the prognostic value of the LNR system in HR+/HER2-patients is notable because it could have a role in selection of high-risk patients for adjuvant radiotherapy or prolonged duration of adjuvant endocrine therapy. Tausch et al. [22] , who reported that LNR was an additional prognostic factor in patients with one to three involved LNs after mastectomy, suggested LNR as an indicator for postmastectomy radiotherapy, which is still controversial in patients with one to three LNs [23] . Currently, identification of patients who might benefit from extended adjuvant endocrine therapy is not possible. The findings by Sestak et al. [24] suggest that clinical factors, including nodal status (positive vs. negative) and tumor size (> 2 cm vs. < 2 cm), are important prognostic factors even beyond the initial 5 years of adjuvant endocrine therapy. Therefore, further evaluation to determine whether the LNR system can add prognostic value and complement the current nodal staging system in HR+/HER2-patients treated with NCT is worthwhile.
Many studies have documented the usefulness of LNR; however, the thresholds used for defining low-and high-risk groups varied [11] . Vinh-Hung et al. [12] , who investigated the "optimal" cut-off values for categorizing a continuous variable of LNR with minimal loss of information, analyzed the data for 1,829 women with node-positive breast cancer and identified two LNR cut-off points, 0.20 and 0.65, which predicted breast cancer survival more adequately than pN categories. Compared with the pN classification, the LNR classification was more robust without overlapping CIs and without crossing of survival curves between the intermediate (LNR, 0.21 to 0.65) and high (LNR, > 0.65) risk groups. However, the cut-off points of 0.20 and 0.65 were not validated in patients treated with NCT, while the values were able to identify poor prognostic patients after primary surgery [13] [14] [15] . In our study population, LNR classification did not show an independent prognostic significance when the ypN stage was included in the multivariate model. The superiority of LNR classification over the current ypN stage was not supported by this study.
We note that our study had several limitations. First, its retrospective nature may have resulted in selection bias. To minimize this bias, however, we included consecutive patients from the database of participating institutions. Second, HER2 targeted therapy was not included in neoadjuvant treatment, but administered as adjuvant treatment because neoadjuvant trastuzumab was not reimbursed at the time of the study in Korea. Therefore, compared to other studies, the pCR rate may have been relatively lower in our patients, without impact of survival. Last, the inclusion of cN0 patients in the current study raised the possibility that these patients underwent inadequate axillary surgery. However, two thirds of patients (28/42, 66.7%) had undergone axillary LN dissection for their axillary staging.
Conclusion
In conclusion, our findings suggest that LNR is not superior to ypN stage in predicting clinical outcome of breast cancer patients after NCT. Both LNR and ypN stage had similar prognostic values after NCT. Findings from the subgroup analysis suggest that LNR might provide some additional prognostic information in HR+/HER2-patients after NCT, compared to HER2+ or TNBC patients. Further studies are needed to evaluate the optimal cut-off points and prognostic value of LNR in breast cancer patients treated with NCT.
